While pelvic lymphadenectomy during radical cystectomy for bladder cancer is a well-established standard of care, the same does not hold true for upper tract urothelial carcinoma (UTUC). Indeed, a template-based lymphadenectomy is rarely, if ever, performed in conjunction with radical nephroureterectomy at most centres across the globe. While multiple studies have explored the staging and therapeutic role of lymphadenectomy in cases of UTUC, there remain large gaps in our understanding of the indications, extent and safety of this procedure as an adjunct to nephroureterectomy. This article elucidates the current knowledge on outcomes, benefits and complications of template-based lymphadenectomy during radical nephroureterectomy for UTUC. We also explore the current evidence-based guidelines on this controversial topic.
Introduction
Upper tract urothelial carcinoma (UTUC) represents approximately 5-10% of all urothelial malignancies [1] . Radical nephroureterectomy (NU) with bladder cuff excision is the standard of care for non-metastatic UTUC and is well described in literature. Dentu and Albarran performed open nephroureterectomy (ONU) for UTUC in 1898 [2] . In this era of minimally invasive surgery, the approach to this procedure has evolved from an open to a laparoscopic to a robotic approach. While significant progress has been achieved in standardising the technical operative aspects, there remains a lack of consensus on the role and extent of lymphadenectomy as an adjunct to this procedure. This is indeed quite antagonistic to the status of lymphadenectomy during radical cystectomy for bladder cancer, in which it is regarded as an inseparable part of the procedure, and has been shown to impact survival [3] .
Material and Methods
We performed a PubMed literature review using the keywords 'upper tract urothelial carcinoma', 'nephroureterectomy' and 'lymphadenectomy' in various combinations to screen the relevant abstracts in English language only. Selected full text articles were then procured and analysed to form the basis of this review (Table 1 ). An additional review of current guidelines was performed to summarise the current recommendations on the role of lymphadenectomy during radical nephroureterectomy for UTUC.
Results
Two of the authors searched the relevant articles individually. Original articles, meta-analysis and structured reviews published till 2017 were included. The final selection of the articles for this review was decided based on overall scientific content, nature of study, sample size, multi-centricity, duration of follow-up and uniqueness of the article. Multi-centric (UTUC collaboration) [4] 1363 590 (43) 
Discussion

Role of Lymphadenectomy in Staging
Lymphatic metastases in upper tract urothelial carcinoma are not uncommon, especially in high-grade and locally advanced tumours, and may be seen in up to 30-40% cases [18] . The M D Anderson group conducted a multi-institutional database evaluation which included 12 centres and 1363 patients who had a NU for UTUC [4] (Table 1) . A total of 590 patients (43.3%) underwent lymphadenectomy in the same setting. Out of them, 135 patients (9.9%) had positive lymph nodes. Median lymph node yield was 2 (range 1-21) and median lymph node density was 50% (range 30-100%). They consistently found that lymph node positivity increased with stage of disease (< 1% for Ta/Tis, 2% for T1, 8% for T2, 17% for T3, 46% for T4). A similar association was also observed with the grade of the disease (low grade 2%, high grade 15%). It was also observed that lymph node positivity correlated with lymphovascular invasion, type of growth of tumour, presence of necrosis and concomitant carcinoma in situ. No correlation of lymph node positivity was seen with the location of the tumour. Other workers have reported a similar impact of tumour grade and stage on the probability of lymph node positivity during lymphadenectomy, with a greater predilection for lymph node involvement in invasive/high-grade tumours [5] ( Table 1) . There is little doubt that performance of lymphadenectomy in conjunction with NU for UTUC aids in assigning an accurate stage to the individual patient's disease state and helps in prognostication as well as in decision-making for adjuvant treatment.
Therapeutic Role of Lymphadenectomy
The therapeutic role of lymphadenectomy for UTUC has been a subject of debate. Two studies in early 1990s had evaluated the role of lymphadenectomy for UTUC. In 1997, Komatsu et al. reported a therapeutic benefit of lymphadenectomy in patients with lymph node-positive disease [6] (Table 1) . They also found the lymph node status of the patient to be a useful indicator for requirement of adjuvant chemotherapy. In this small series of 36 patients with an average follow-up of 55 months, the cause-specific survival at 5 years for lymph node-positive patients was only 21%. Roscigno et al. found that lymphadenectomy has an emerging role in disease-free survival and cancer-specific survival (CSS) in muscle invasive UTUC treated surgically [7] ( Table 1) . Five-year cancer-specific survival in patients without lymphadenectomy (pNx) (48%) was significantly worse than patients with nodenegative disease on pathology (pN0) (73%) (p value 0.001).
Similarly, difference between 5-year CSS was not significant between pNx group (48%) and pN+ group (39%) (p value 0.476). Pathological nodal stage along with T stage was an independent predictor of disease-free survival (DFS) and cancer-specific survival in this study. Also, number of lymph nodes removed and extent of lymphadenectomy were predictors for DFS and CSS. Abe et al. reported that avoiding lymphadenectomy in cases of UTUC increases chances of locoregional recurrence and distant metastases [8] (Table 1) . They followed 293 patients of NU for UTUC, out of which 76 developed relapse. Most common site for relapse was the regional lymph nodes. They also found that immunohistochemistry analysis for anti-cytokeratin results in picking up micrometastases in 14% patients which were earlier staged as pN0 via standard histopathological techniques. They emphasised the role of lymphadenectomy to eliminate these micrometastases. Roscigno et al. also conducted a multi-institutional study which included 1130 UTUC patients treated surgically in 13 centres worldwide [9] (Table 1) . In this study, 36.5% patients had pN0 disease, 51.1% had pNx disease and 12.4% had pN+ disease. Pathological T stage varied from pT1-T4. Five-year CSS was lowest in pN+ cases followed by pNx followed by pN0 with statistical significance. This observation was applicable for pT2-4 disease, whereas in pT1 cases, the CSS was similar in pN0 and pNx patients. They recommended that lymphadenectomy should be considered to improve staging and guidance for adjuvant chemotherapy in cases where likelihood of pathological T stage is at least pT2.
Brausi et al. evaluated charts of 82 patients retrospectively which included T2-T4 UTUC operated for NU with or without lymphadenectomy [10] (Table 1) . With a median followup of 64.7 months, they analysed the impact of status of lymphadenectomy (yes or no), T stage (T2 versus T3/4) and N stage (N0 versus Nx versus N+) on recurrence and survival. They concluded that status of lymphadenectomy and pathological T stage were independent predictors of survival and emphasised the curative role of lymphadenectomy in cases of infiltrative UTUC. Similar findings regarding the therapeutic role of lymphadenectomy have also been reported by other workers either in overall pathological T stage for UTUC [4, 11] or in muscle invasive UTUC [5] (Table 1) .
In contrast, a review from the SEER database, which included 2824 patients from 1988 to 2004 concluded that there was no survival benefit of lymphadenectomy (pN0 versus pNx) in cases of UTUC [12] (Table 1) . Cancer-specific mortality-free survival rates at 5 years for pN0 and pNx groups were equivalent at 81.2% and 77.8% respectively. The authors also emphasised a lack of defined landing zones and templates for lymphadenectomy in this situation. They concluded that the evidence for lymphadenectomy for all patients of UTUC is lacking and lymphadenectomy may have a role for high-grade and/or high-stage disease. In their opinion, lymphadenectomy is advisable for the patients with enlarged lymph nodes on palpation intra-operatively or on imaging preoperatively. Multivariate analysis of two multi-institutional databases showed that status of lymph nodes was not an independent predictor for CSS [13, 14] (Table 1) . However, on subgroup analysis of locally advanced cases after adjusting for age, gender, type of surgery, concomitant carcinoma in situ and lymphovascular invasion, the authors found that pN0 cases had better oncological outcomes than pNx patients [14] . Miyake et al. reported that the role of lymphadenectomy in patients with lymphovascular invasion (LVI) is limited, as the disease is already systematic in cases with LVI [15] (Table 1) . While the final word on the therapeutic value of lymphadenectomy for UTUC is yet to be written, it does seem that there are certain subpopulations amongst all patients undergoing NU, which may derive additional benefits from it.
Trends in Lymphadenectomy
While the risks/benefits of lymphadenectomy are still being debated, the actual proportion of patients undergoing simultaneous lymphadenectomy during NU is very limited. In 2012, the Canadian Upper Tract Collaboration (CUTC) summarised different practice patterns zone wise across 10 institutions and included data of 1029 patients of UTUC [19] . Proportions of patients with pNx nodal stage were 69%, 80% and 70% across central, east and western regions of the country, respectively. They concluded that there was a great variability of practice patterns across different geographic areas, and this was primarily because of lack of standardised criteria for management of UTUC. In a large retrospective analysis of laparoscopic NU performed in Japan at 51 centres, only 451 out of 1003 patients underwent simultaneous lymphadenectomy (less than 50%) [20] . Failure to perform adequate lymphadenectomy does not seem to be influenced by the approach (open versus laparoscopic). In a comparative analysis of open versus laparoscopic nephroureterectomy, Liu et al. found that 59.6% and 55.8% patients undergoing open and laparoscopic NU did not undergo a simultaneous lymphadenectomy respectively [21] .
Patterns of Spread and Recommended Templates for Lymphadenectomy
Kondo et al. have published their pioneering work on evaluation of lymph node metastases in cases of UTUC [16] (Table 1) . In their series, the main area of spread for right renal pelvic tumours was to hilar nodes along with right paracaval and retrocaval space (Fig. 1) . Left renal pelvic tumours primarily had metastasis to renal hilar nodes and paraaortic site (Fig. 1) . Tumours of upper 2/3 of right ureter had a predilection to spread to paracaval, retrocaval and inter-aortocaval location (Fig. 2) . Tumours of upper 2/3 of left ureter tended to spread to the paraaortic group (Fig. 2) . They also observed that tumours of lower ureter spread to ipsilateral common iliac, external iliac, internal iliac and obturator lymph nodes (Fig. 3) . To define regional nodes, the same group of workers considered the cut off for percentage probability of spread to the site as more than 30% [22] . They recommended that for completeness of lymphadenectomy, all primary sites should be resected as a part of radical nephroureterectomy.
Matin et al. have published their work on the templates of lymphadenectomy in UTUC [23] . They reported that for renal pelvic and proximal ureteric tumours on right side, dissection of hilum, paracaval, retrocaval and inter-aortocaval space addresses nearly all lymph nodes. In these cases, inter-aortocaval region is secondarily involved. Similarly on left side, hilar and paraaortic region constitutes the main lymph node template. For right-sided tumours, addition of inter-aortocaval packet to hilar, paracaval and retrocaval packet addresses almost 95.8% Fig. 1 Schematic representation of lymphatic spread in pelvic tumours [16] . Right side-renal hilar, right paracaval and retrocaval site. Left side-renal hilar and paraaortic site Fig. 2 Schematic representation of lymphatic spread in tumours of upper 2/3 of ureter [16] . Right side-paracaval, retrocaval and inter-aortocaval site. Left side-paraaortic site lymph nodes (Fig. 4a) . Similarly, for the left side, addition of inter-aortocaval group to paraaortic group addresses 90.2% lymph nodes (Fig. 4b) . For right side mid ureteric tumours, inter-aortocaval and paracaval nodes would address the entire landing zone along with removal of the right common iliac group (Fig. 5a ). For left side mid ureteric tumours, paraaortic, left common iliac and internal iliac group would be the ideal packet for dissection (Fig. 5b) . Figure 5c , d represents templates for lower ureteric tumours. Addition of paracaval packet for right side and paraaortic packet for left side to extended pelvic lymph node dissection would cover all the drainage areas respectively for lower ureteric tumours. Confounders for this pattern of lymphatic spread would be those with previous history of chemotherapy or surgery (e.g. radical cystectomy) which alters lymphatic drainage. Kondo et al. proposed extending the templates of resection for improving completeness of lymphadenectomy [3] . In their opinion, for right pelvic tumours, inter-aortocaval nodes should be removed, and for lower ureteric tumours, presacral nodes should be removed for an extended template-based lymphadenectomy. Yee et al.
noted that imaging studies can miss almost 50% of lymph node spread [24] . This finding may contradict the traditional indication of lymphadenectomy performed for enlargement of lymph nodes on preoperative imaging only, thereby reinforcing the role of template-based dissection.
Prognostic Factors Related to Lymphadenectomy
Roscigno et al. have reported in their multi-institutional study that the minimum number of lymph nodes removed should be at least 8, to improve survival outcomes in UTUC [25] . However, Kondo et al. stress a greater role for templatebased dissection vis-a-vis the number of nodes removed [3] . They advocate that a complete template-based lymphadenectomy is of prime importance to ensure improved survival outcomes in muscle invasive UTUC. As in cases of bladder cancer where a lymph node density of less than 20% is associated with better survival [26] , Bolenz et al. reported that in UTUC as well, patients with lymph node density more than 30% had a greater risk of disease recurrence and cancer-specific mortality [27] .
In a multi-institutional analysis of 2492 patients undergoing NU for UTUC, Fajkovic et al. evaluated the prognostic role of number of lymph nodes removed, number of positive nodes, lymph node density (LND) and presence/ absence of extranodal extension (ENE) [17] (Table 1) . Out of a total of 817 patients who underwent lymphadenectomy, 222 (27.2%) patients were identified to have lymph node metastases. One hundred ten (49.5%) patients in this series had ENE with LND of 51.3%. ENE was associated with a higher ECOG score and a higher pathological T stage. Presence of ENE and a LND > 30% was associated with higher chances of disease recurrence and cancer-specific mortality. Addition of ENE to pT stage and tumour architecture improved the ability to predict recurrence. Similarly, adding ENE top T stage, age and tumour architecture improved prognostication of cancer-specific mortality. 
Complications of Lymphadenectomy
There is a perception that incorporating template-based lymphadenectomy as a part of NU routinely is likely to negatively impact the safety profile of the latter. Most of the current data, however, does not support this perception. Kondo et al. compared outcomes of patients undergoing complete lymphadenectomy, incomplete lymphadenectomy or no lymphadenectomy as a part of NU for UTUC [3] . Operative time, estimated blood loss and hospital stay did not differ between these groups. Incidence of overall complications was higher in complete lymphadenectomy group but incidence of major complications by Clavien Dindo grade (3 or more) did not differ significantly. Rao et al. conducted the only prospective clinical trial for feasibility and safety of retroperitoneal lymph node dissection (RPLND) during NU for UTUC and included 20 patients (10 open, 4 laparoscopic and 6 robot assisted) [28] . Overall complications occurred in nine patients, out of which a major complication (Clavien grade IIIb) in the form chylous lymphatic leak requiring surgical exploration occurred in one patient. This first ever prospective clinical trial to evaluate the side effect profile of lymphadenectomy in cases of UTUC found that RPLND in this setting is feasible with acceptable morbidity.
Impact of Minimally Invasive Surgery on Lymphadenectomy
After initial description of laparoscopic nephroureterectomy (LNU) by Clayman et al., the field of minimally invasive surgery has greatly evolved over the last two decades [29] . The main hurdle for lymphadenectomy during laparoscopy is the technical challenge associated with the procedure. There is a wide variability in the reported implementation of simultaneous lymphadenectomy during LNU (transperitoneal, retroperitoneal or hand assisted) [20, 21, 30] . During a minimally invasive approach, lymphadenectomy is performed predominantly for enlarged lymph nodes detected either on preoperative imaging or during surgery itself. Standardised templates of lymphadenectomy are not well described in these series. Multi-institutional analysis of 979 open RNU versus 270 LNU procedures showed that percentage of patients undergoing lymphadenectomy was significantly lesser in laparoscopy group (24.4%) as compared to the open cohort (42.4%) [30] . Simultaneous template-based lymphadenectomy during robot-assisted radical nephroureterectomy (RANU) still remains an unaddressed issue. Lymphadenectomy was performed with a good safety profile in 16/20 (Lee et al.) [31] , 14/31 (Zarger et al.) [32] and 22/40 (Pugh et al.) [33] cases in major series of RANU reported till date. Average lymph node yield was 14.1, 9.4 and 11 in these series, respectively. With advent of multi-quadrant improved access, port in port configuration, miniaturisation of instruments and intuitive movements, access for lymphadenectomy especially pelvic lymphadenectomy is possible without repositioning or re-docking. We have described template-based simultaneous lymphadenectomy during RANU in a series of 11 patients without any major complications with a good lymph node yield [22.5 (range 7-47)] [manuscript provisionally accepted in Indian Journal of Urology] [34] . As elucidated in our manuscript, the use of the robotic platform is likely to emerge as a standard of care for this procedure by greatly facilitating template-based lymphadenectomy in this situation.
Guidelines
EAU guidelines mention that anatomical sites of lymphatic drainage are not completely defined for UTUC [35] (Table 2) . There is limited role of lymphadenectomy in cases of Ta and T1 tumours because of lesser chances of lymph node positivity as compared to T2-T4 disease. Extent and indications of lymphadenectomy are yet to be standardised leading to weak recommendation for performing lymphadenectomy for high-risk tumours as per EAU guidelines [35] (Table 2) . National Comprehensive Cancer Network (NCCN) guidelines recommend regional lymphadenectomy along with radical nephroureterectomy in cases of high-grade, larger tumours of renal pelvis with or without parenchymal invasion and ureteric tumours which are high grade at the time of nephroureterectomy or distal ureterectomy as per the indication (grade 2A) [36] ( Table 2) .
Conclusion
There is a growing amount of evidence towards recognising template-based lymphadenectomy as an important adjunct to surgical treatment for upper tract urothelial carcinoma-both for staging as well as therapeutic purposes. While gaps in knowledge remain, it can now be stated with a degree of certainty that this procedure has the potential to improve long-term outcomes in a proportion of patients suffering from this disease. Since template-based lymphadenectomy can be performed safely and expeditiously both by minimally invasive and open surgical methods, the time has come to consider this procedure as a regular part of the treatment paradigm for this disease.
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